In the Deese/Roediger-McDermott (DRM) illusion, named after Deese (1959) and Roediger and Mc Dermott (1995), people study lists of associated words (bed, rest, awake, etc.) and then take a free recall or recognition memory test. The typical finding is that people often falsely remember that nonstudied associates (sleep) were presented in the study lists. This memory illusion is difficult for people to avoid and has been used in hundreds of studies spanning many branches of psychological science. The goal of the present article is not to review every study and theory relevant to this illusion (for a more comprehensive review, see Gallo, 2006) . The goal is to highlight the main theoretical problem that this research aims to solve, to summarize and update many of the key results, and to provide a critical progress report.
The Problem: What Causes False Memories?
The overarching goal of DRM researchers is to understand false memories. Deese (1959) originally reported the illusion, but it was not until Roediger and McDermott (1995) connected it to false memory that many researchers took notice (see Bruce & Winograd, 1998) . Roediger and McDermott (1995) demonstrated that some lists elicited very high levels of false memories that were accompanied with strong confidence and claims of remembering (Figure 1 ), as opposed to vague guesses or feelings of familiarity (cf. Tulving, 1985) . Roediger and McDermott (1995) argued that the task was a reliable way to study false memories under carefully controlled laboratory conditions.
Despite this goal, the DRM illusion's relevance to other types of false memories has been questioned. Freyd and Gleaves (1996) admonished Roediger and McDermott's (1995) suggestion that DRM findings apply to memories created in nonlaboratory settings. DePrince, Allard, Oh, and Freyd (2004) even argued that the term false memory should not be used for the DRM illusion, to avoid confusion with false-memory debates in autobiographical memory (i.e., the veracity of memories recovered in psychotherapy; see Gleaves, Smith, Butler, & Spiegel, 2004; Kihlstrom, 2004; McNally, 2003; Pezdek & Lam, 2007; Wade et al., 2007) . One could easily defend the term false memory for the DRM illusion, 1 but the more substantial question is how DRM research applies to autobiographical memories or to memories for events occurring outside the lab.
The issue of generalizability has not been addressed much in the DRM literature. Most researchers have either investigated questions about the phenomenon itself (e.g., under what conditions is the illusion reduced or enhanced?) or adopted the task as a basic measure of false memories to answer some related question (e.g., how are false memories instantiated in the brain?). These types of questions have yielded important insights that will be reviewed here, but the overarching goal in this review is to consider the implications of DRM research for our understanding of other kinds of false memories. Such generalizability may seem obvious to cognitive psychologists, but given the historical controversies surrounding false memories, as well as newer findings relevant to the issue, it may be time to revisit some basic assumptions.
Questions about generalizability ultimately stem from the complex differences between the lab and life. In their reply to Freyd and Gleaves (1996) , Roediger and McDermott (1996) acknowledged that such issues could be "thorny" (p. 815). Indeed, in each of these articles, ex-evant to false autobiographical memories are misguided. Instead, the appropriate questions to ask are what aspects of the DRM illusion are relevant to what aspects of autobiographical memories. More specifically, researchers have advocated a process-oriented approach. Which mental processes do these phenomena have in common, and which are unique? In what ways are these commonalities important, and in what ways are they trivial? These questions are addressed in subsequent sections of this review. Before I delve into this research literature, however, the broader historical context of DRM research is briefly considered. The DRM illusion has had a large impact on memory research, and understanding why helps to put the research findings in perspective. The task's simplicity has caused some to question its generalizability, but somewhat ironically, this simplicity is one of the reasons that the task has been so successful. Roediger and McDermott's (1995) article is immensely popular, having been cited over 1,000 times. In the first decade following the article, the average rate of newly published DRM experiments was estimated as one experiment every 2 weeks (Gallo, 2006) , and in the few years since then, citations have almost doubled. That is quite an impact by any standard, but why is this task so popular? What is new about it? DRM research has enhanced awareness of the fallible nature of memory. This impact is evident from coverage in amples of how the DRM illusion differs from autobiographical memories are cited. Memories for word lists are, by design, more constrained and less complex than autobiographical memories along many dimensions (e.g., personal relevance, emotional salience, perceptual details, social context, etc.). These differences limit any wholesale generalization from one phenomenon to the other. For example, the finding that DRM false memories are easy to create is not evidence that false autobiographical memories are common, just as the finding that more perceptually detailed DRM false memories are difficult to create is not evidence that detailed false autobiographical memories are rare. Too many factors differ across these phenomena for such overarching generalities.
Impact: How DRM Changed Memory Research
Setting aside the differences between the lab and life, researchers do assume that some of the principles uncovered with the DRM illusion apply more broadly. Otherwise, there would be little reason to do the research. As was argued by , the DRM illusion informs our basic understanding of memory, just as visual illusions inform our understanding of perception. This research tradition embraces well-controlled laboratory tasks as an ideal method for developing theories (Banaji & Crowder, 1989) . As a result, most DRM research has been focused on basic theoretical distinctions within cognitive psychology, with generalizability either assumed as a given or set aside to be figured out elsewhere.
Within this research tradition, monolithic questions of generalizability such as whether the DRM illusion is rel- investigated possible links between the DRM illusion and autobiographical memory phenomena. These studies are fewer in number, but they provide unique insight into the generalizability problem. The significant advances in these two areas are reviewed next, starting with basic research about the DRM illusion itself.
Establishing the illusion. The first point to take from basic research is that the DRM illusion is robust to a variety of manipulations. The size of the illusion is typically measured by a relatedness effect, the probability of falsely recalling or recognizing the nonstudied associate (or related lure) above an unrelated baseline. 2 These DRM relatedness effects have persisted across a variety of encoding tasks, retention intervals, and test formats. They have also been observed in a variety of populations, including the young, the old, the neurologically impaired, and people with different languages and cultures. The reliability of this illusion highlights the relatively automatic nature of associative processes in memory.
The second point to take from basic research is that the DRM illusion truly reflects a false memory, defined here as the recollection of something that did not happen. To understand this point, it is helpful to consider the alternative. Drawing from signal detection theory, Miller and Wolford (1999) argued that the DRM illusion might be caused by a liberal response bias toward any word that appeared to be related to the study list, as opposed to the retrieval of information that causes an actual false memory (i.e., a falsememory signal). Subjects may simply guess or infer that the related lure was in the study list because it is strongly associated to the studied words. Wixted and Stretch (2000) argued against Miller and Wolford's particular analysis and showed how signal detection theory could also support a false-memory account (in particular, they noted that estimates of response bias can be ambiguous). Nevertheless, the possibility that the DRM illusion could be caused by an associatively based guessing strategy is an important theoretical question to empirically test.
At least five lines of evidence indicate that the DRM task produces false memories and not simply biases or guessing strategies: (1) Subjective judgments indicate that subjects recollect the related lure from the study list, including remember judgments (e.g., Roediger & McDermott, 1995 ; but see Geraci & McCabe, 2006) , detailed ratings on the Memory Characteristics Questionnaire (e.g., Mather, Henkel, & Johnson, 1997) , and attributions to a particular study voice or modality (e.g., Payne, Elie, Blackwell, & Neuschatz, 1996) . (2) The DRM illusion (and subjective judgments) can be reduced but not eliminated by explicit warnings to avoid the illusion or by giving contrary demand characteristics (e.g., Neuschatz, Payne, Lampinen, & Toglia, 2001 ). Thus, although bias can influence the effect, the illusion persists in the face of opposing motivation. (3) An illusory subjective experience has been objectively estimated from modeling procedures (see Brainerd, Wright, Reyna, & Mojardin, 2001) . (4) Subjects have difficulty choosing between a studied word and the related lure on forced-choice tests that minimize response bias (Westerberg & Marsolek, 2003) . (5) Many studies have introductory psychology textbooks, as well as in the popular press (e.g., Grierson, 2003) . Of course, psychologists have contemplated memory distortion ever since experimental psychology split from philosophy (e.g., Burnham, 1889; Munsterberg, 1908) , and many laboratory techniques used to study false memory predate the DRM illusion (for reviews, see Roediger, McDermott, & Robinson, 1998; Schacter, 1995) . For example, research distorting eyewitness memory or memory for childhood events has had a large and invaluable impact (see Hyman & Loftus, 2002; Loftus, 2005) . The main advantage of the DRM illusion over these other approaches is that the DRM task provides a much simpler way to demonstrate false memories. Just as the Stroop task is a classic demonstration of interference, the DRM task is a compelling demonstration of false memories.
DRM research also has enhanced awareness of the constructive nature of memory. Some have argued that the DRM illusion reflects an adaptation to informationprocessing limits, whereby people retain only the meaning or associations of what they encounter and reconstruct the rest (e.g., Roediger & McDermott, 2000; Schacter, 2001) . By this view, falsely remembering a word that is associated with studied words is merely an unwanted byproduct of otherwise useful heuristics, analogous to other cognitive illusions (Pohl, 2004) . Earlier experimental demonstrations of useful reconstructive processes in memory include Bartlett's (1932) schema studies and Brewer's (1977) inference work, among others. What was new and even surprising about the DRM illusion was that constructive processes could be involved in a simple wordlist memorization task, which was more typically considered to involve rote or reproductive memory. Roediger and McDermott (1995) argued that the illusion showed how all aspects of memory, including even the most basic tasks, involved constructive processes (for related ideas, see D. M. Bernstein & Loftus, 2009; Johnson, 2006) .
In addition to these conceptual contributions, the simplicity of the DRM task makes it relatively easy to conduct false-memory experiments with a high degree of experimental control. Researchers quickly adopted this task to study false memories in a variety of domains, including neuroimaging, neuropsychology, development, aging, and individual differences. The DRM illusion was swept up by, and contributed to, a false-memory zeitgeist (see Bruce & Winograd, 1998) . As Koriat, Goldsmith, and Pansky (2000) put it, the DRM task was part of a more general trend in memory research toward understanding the factors that influence retrieval quality (over quantity). This trend started well before the DRM illusion, but the DRM illusion helped catalyze the movement, and it fostered a more integrative cognitive neuroscience of memory accuracy (see Schacter, Norman, & Koutstaal, 1998) .
Trajectory: What We Know About the Problem
DRM research has attempted to determine the causes of false memory at two levels. At the most basic level, much of the research has been directed at understanding the cognitive and neural processes giving rise to the DRM illusion itself. At a more applied level, several studies have theories (Deese, 1959; Underwood, 1965) . In contrast, the gist theory proposes that subjects mentally construct a gist representation during the study phase (e.g., Brainerd & Reyna, 1998; Schacter, Verfaellie, & Pradere, 1996) . This representation summarizes the common semantic features or theme of the studied words and activates the related lure because it has similar features. The idea of a gist representation is endorsed by fuzzy trace theory, which has been implemented in a corresponding mathematical model (e.g., Brainerd & Reyna, 1998 , 2005 Brainerd, Reyna, Wright, & Mojardin, 2003; Brainerd et al., 2001) . 3 The associative-activation and gist theories are difficult to tease apart in practice, but these processes are not mutually exclusive, and there is evidence that uniquely supports each. Some evidence that supports the associativeactivation theory is (1) the strong positive correlation between the degree of associative strength and the level of false memory across DRM lists (e.g., Deese, 1959; ; but see Brainerd, Yang, Reyna, Howe, & Mills, 2008) ; (2) DRM lists elicit higher levels of false memory than do categorized lists (e.g., exemplars of the bird category), which are high in gist but do not have the same associative structure (e.g., Buchanan, Brown, Cabeza, & Maitson, 1999; Pierce, Gallo, Weiss, & Schacter, 2005 ; see also Park, Shobe, & Kihlstrom, 2005) ; (3) associative strength is a better predictor of false recall than some manipulations of gist-based processing (e.g., Howe, Wimmer, Gagnon, & Plumpton, 2009; Hutchison & Balota, 2005) ; and (4) combining phonological and semantic associates in the study list has over-additive effects on false memory, ostensibly because of converging associative activation (Watson, Balota, & Roediger, 2003) .
Some evidence that supports the gist theory is that (1) false recall and recognition tend to be less affected by retention interval than true recall and recognition, consistent with the idea of a more robust gist trace (e.g., Toglia, Neuschatz, & Goodwin, 1999) ; (2) including unrelated items on a recognition test enhances false recognition, relative to a test with only associated items, ostensibly by encouraging gist-based responding (e.g., Gunter, Ivanko, & Bodner, 2005) ; and (3) false recognition occurs for perceptually similar pictures of the same object (e.g., Koutstaal & Schacter, 1997) and even for abstract pictures that are perceptually similar but have no meaning or preexisting semantic associations (e.g., Koutstaal, Schacter, Verfaellie, Brenner, & Jackson, 1999) . These last findings do not involve the DRM task, but they do indicate that gist or feature-based processes can cause false recognition in the absence of preexisting associations.
Regardless of the particular type of activation, there is ample evidence that semantic processing drives the DRM illusion. Focusing attention on the relevant semantic features of study words increases false memory, as with levels of processing manipulations (e.g., Thapar & McDermott, 2001) , relational processing manipulations (McCabe, Presmanes, Robertson, & Smith, 2004) , and pairing each study word with a converging association (e.g., Thomas & Sommers, 2005) . Blocking the study words by semantic associations also enhances false memory (e.g., McDermott, 1996) , as does increasing the number of seshown significant priming of the related lure on implicit memory tests that are unlikely to be influenced by associative guessing strategies (e.g., McDermott, 1997) . Priming does not address illusory phenomenology, but it indicates that some mental representation for the nonstudied associate is activated, which is an important component of falsememory theories.
Activation/monitoring framework. The theoretical processes that cause the DRM illusion have been divided into an activation/monitoring framework (e.g., Roediger & McDermott, 2000; Roediger, Watson, McDermott, & Gallo, 2001) . A very general interpretation of this framework will be adopted here. Activation describes any process that mentally activates the related lure or otherwise contributes to the retrieval of potentially false information (i.e., a false-memory signal). Monitoring describes any memory editing or decision process that helps to determine the origins of this activated information. Whereas activation enhances false memories, monitoring reduces them. This framework was motivated, in part, by experimental dissociations that revealed competing processes in the DRM task (e.g., Benjamin, 2001; ; see Figure 2 ). As can be seen in the review below, there is decent evidence for multiple kinds of activation and multiple kinds of monitoring in the DRM task.
Understanding activation. There are two dominant conceptualizations of activation in the DRM task. The associative-activation theory emphasizes spreading activation between preexisting conceptual representations in a mental lexicon (e.g., Roediger, Balota, & Watson, 2001 ). Associative activation could occur when the list words are initially studied, or it could occur as list words are retrieved at test (see Meade, Watson, Balota, & Roediger, 2007) . This theory was endorsed in initial descriptions of the activation/ monitoring framework (e.g., Roediger, Balota, & Watson, 2001) , and it resonates with earlier associative Alternatively, subjects might imagine the related lure's study presentation at test, in an effort to make a memory decision, and the subjective contents of this imagination may be falsely attributed to an actual memory (see Gallo & Roediger, 2003; cf. Jacoby, Kelley, & Dywan, 1989; Whittlesea, 2002) . Attribution processes are intriguing because they show the tight relationship between activation and monitoring processes. Very little work has been done to test between these and other theories of illusory recollection, even though illusory recollection is the defining feature of false memories.
Understanding monitoring. A common idea in many memory frameworks is that enhancing true recollection can decrease false memory through some sort of monitoring process. The activation/monitoring framework generally appeals to the types of processes described within the source-monitoring framework (e.g., Johnson, Hashtroudi, & Lindsay, 1993; ; see also Roediger & McDermott, 2000) . The fuzzy trace theory also includes a type of retrieval monitoring process, called recollection rejection, through which specific details from studied items can counteract the ability of gist representations to cause false memory (e.g., Brainerd et al., 2003) . This latter proposal is similar but not identical to the distinction between recollection-based and familiarity-based responding proposed by dual-process theories of recognition memory (e.g., Jacoby, 1991; for a review, see Yonelinas, 2002) .
Drawing from these frameworks, Gallo (2004 Gallo ( , 2006 argued that all recollection-based monitoring could be divided into two classes, depending on the logic of the underlying decision process. Diagnostic monitoring relies on expectations to make a memory decision. When a questionable event fails to elicit recollections that are expected from its prior occurrence, it is rejected as false (e.g., "I didn't take the train home last Thanksgiving, because train rides are distinctive and I would remember that"). Diagnostic decisions are primary because they focus on the quality of the memorial evidence for the questionable event itself and whether this evidence passes some expected criteria. Disqualifying monitoring relies on collateral information to make a memory decision. When a questionable event elicits recollections that are inconsistent with its prior occurrence, it is rejected as false (e.g., "I didn't take the train home last Thanksgiving, because I remember taking an airplane instead"). Disqualifying decisions are secondary because they rely on collateral information and whether this information confirms or disqualifies the questionable event. Focusing on these two different types of decision processes helps to understand many empirical patterns in the DRM task and other tasks.
The idea that people engage in diagnostic monitoringor the use of expectations in memory decisions-has been used to explain findings in numerous tasks (e.g., Brown, Lewis, & Monk, 1977; Johnson, Raye, Foley, & Foley, 1981; Strack & Bless, 1994; cf. Ghetti, 2003) . This type of monitoring is a foundational tenet of the source-monitoring framework, which assumes that recollected features can vary in quality and vividness and that these differences are flexibly used in memory decisions (Johnson et al., mantic associates studied in each list (e.g., Robinson & Roediger, 1997) . Finally, people with category-specific expertise are more prone to false recall from that same category (Castel, McCabe, Roediger, & Heitman, 2007) , and similarly, the DRM illusion is most likely when the study lists are presented in a speaker's dominant language (Anastasi, Rhodes, Marquez, & Velino, 2005) . Even more manipulations could be cited, but the conclusion would be the same: Increasing the likelihood that the relevant semantic associations will be processed increases activation, and increasing activation increases the DRM illusion.
An interesting question related to activation is whether the related lure is consciously generated during the study phase. The results of experiments in which subjects overtly rehearse during study indicate that conscious activation of the related lure does occur and is positively related to the strength of the illusion (e.g., Seamon et al., 2002) . Conscious activation at study has also been inferred from retrospective subjective reports (e.g., Multhaup & Conner, 2002) and implicit priming effects (e.g., Lövdén & Johansson, 2003) and, less directly, from situations in which related lures behave like presented words, as in word frequency effects (Anaki, Faran, Ben-Shalom, & Henik, 2005) , retrieval induced forgetting effects (e.g., Bäuml & Kuhbandner, 2003) , and part-list cuing effects (e.g., Reysen & Nairne, 2002) . However, overt rehearsal experiments also indicate that conscious activation at study is not necessary for the illusion, as do conditions that discourage conscious activation at study, such as certain incidental encoding tasks (Dodd & MacLeod, 2004) or extremely rapid presentation of the studied words (e.g., Seamon, Luo, & Gallo, 1998; see Cotel, Gallo, & Seamon, 2008) . Thus, conscious activation of the related lure during study can strengthen the illusion, but it is not necessary for the illusion. As is described in the next section, conscious activation of the lure at study might even suppress the illusion, depending on the types of monitoring processes engaged.
It is important to note that much of the evidence for activation processes has been focused on false recall or recognition errors, but these errors are not synonymous with the subjective experience of illusory recollection. Illusory recollection frequently accompanies false recall or recognition in the DRM task, but these errors sometimes arise from weaker forms of subjective experience (e.g., vague feelings of familiarity). Despite this ambiguity, variables that increase false recall or recognition also tend to increase illusory subjective experience (e.g., Brainerd et al., 2001; Gallo & Roediger, 2003; Mather et al., 1997 ; also see Arndt, 2006; . These findings suggest that the same activation processes that contribute to false recall and recognition are also involved in creating the subjective content of illusory recollection. One idea is that detailed features become detached from studied items and attached to the false memory of the related lure (e.g., content borrowing; see Lampinen, Ryals, & Smith, 2008; Lyle & Johnson, 2006) . A similar process (called phantom recollection) has been proposed in fuzzy trace theory, whereby gist information gets conflated with details from actually presented items (see Brainerd et al., 2001 ).
The idea that people engage in disqualifying monitoring-or the use of disconfirming evidence in memory decisions-is found in several tasks that have been used to support dual-process frameworks (see Yonelinas, 2002) . These tasks include list-based exclusion (e.g., Jacoby, 1991) , repetition lag (e.g., Dodson & Schacter, 2002) , changed pluralization (e.g., Hintzman & Curran, 1994) , associative recognition (e.g., Yonelinas, 1997) , and conjunction recognition (e.g., Jones & Jacoby, 2001) . In many of these cases the term recall-to-reject has been used, and this term is somewhat synonymous with disqualifying monitoring. However, at least theoretically, it is possible that recalling studied items can inform retrieval expectations, thereby affecting diagnostic monitoring as well. Disqualifying monitoring is consistent with some aspects of multinomial models (e.g., Buchner, Erdfelder, & Vaterrodt-Plünnecke, 1995; Jacoby, 1998) , at least to the extent that the outcome of one retrieval process (i.e., whether or not disqualifying recollection is successful) can lead to either the rejection of an event or the need to engage additional retrieval processes (i.e., diagnostic monitoring) before making a decision.
The use of disqualifying monitoring processes can explain at least three different effects in the DRM task and related tasks. First, warning the subjects to avoid the DRM illusion before the study phase reduces (but does not eliminate) the illusion (e.g., Gallo, Roberts, & Seamon, 1997) . Evidence suggests that forewarning causes subjects to try to identify the related lure and then encode it as "not presented." The subsequent recollection of this information allows subjects to disqualify the item from having occurred (see Neuschatz, Benoit, & Payne, 2003) . Such monitoring may occur even when subjects are not explicitly warned about the illusion (Carneiro, Fernandez, & Dias, 2009 ). Second, actually presenting the related lure in a to-be-excluded list helps subjects avoid falsely remembering this item (e.g., Dodhia & Metcalfe, 1999; Gallo, Bell, Beier, & Schacter, 2006) . Recollecting the lure from the exclusion list allows subjects to disqualify the item as having occurred in the DRM list. Finally, subjects are less likely to falsely recognize a related lure when they can exhaustively recall all of the studied words from a category, likely because exhaustive recall disqualifies the related lure as also having been presented (Gallo, 2004) . In all of these cases, it can be argued that the related lure was rejected on the basis of the successful recollection of some disqualifying information, as opposed to some activation difference or diagnostic monitoring process.
Neural processes. Researchers have discovered different neural underpinnings of activation and monitoring processes in the DRM illusion. As might be expected from fMRI studies of meaning extraction from language (e.g., Hasson, Nusbaum, & Small, 2007) , left inferior prefrontal and lateral temporal regions are active when subjects process the semantic associations in DRM lists (Mc Dermott, Watson, & Ojemann, 2005) . These regions likely play a role in the activation of the related lure. Kim and Cabeza (2007a; also see Kubota et al., 2006) showed that encoding-related fMRI activity in the left ventrolat-1993). It also is compatible with some aspects of multidimensional signal detection theories (e.g., Banks, 2000; Hautus, Macmillan, & Rotello, 2008; Slotnick & Dodson, 2005) , at least to the extent that people use expectations to establish the types of retrieved information and response criteria that are relevant to a memory decision.
Within the DRM illusion, Schacter and colleagues highlighted the use of expectations in research on the distinctiveness heuristic (e.g., Schacter, Israel, & Racine, 1999) . They found that presenting each studied word with a pictorial representation reduced the DRM illusion relative to the typical verbal-only procedure. According to the theory, subjects expected pictures to elicit more distinctive recollections than words, and so the absence of a picture recollection for related lures was more informative (or diagnostic) that the item had not been studied. Other evidence supports this monitoring interpretation, as opposed to the idea that picture encoding reduced activation (e.g., Arndt & Reder, 2003; Hege & Dodson, 2004) . First, Schacter et al. (1999) found that picture encoding reduced false recognition when manipulated between subjects but not within subjects (and across lists). Even though activation differences should have been found in either condition, it was argued that subjects were more likely to expect distinctive recollections when pictures were studied for every list. Second, Dodson and Hege (2005) found that the picture encoding effect was eliminated on a speeded recognition test (750 msec) that was thought to minimize monitoring but not activation (also see Schacter, Cendan, Dodson, & Clifford, 2001) . Finally, as predicted by the monitoring account, expecting picture recollections reduces memory errors in tasks that do not involve semantic activation (e.g., Dodson & Schacter, 2002; Gallo, Weiss, & Schacter, 2004) . For example, Gallo et al. (2004) found reduced source-memory confusions when test decisions were oriented toward picture recollections than when they were oriented toward word recollections, even though the same types of items were tested in each condition.
Many other manipulations that reduce the DRM illusion may involve diagnostic monitoring, to the extent that they enhance recollective distinctiveness but have little effect on activation (or increase it). These include various encoding manipulations, such as study modality (e.g., Smith & Hunt, 1998) , study vocalization (e.g., ), study transcription (Seamon et al., 2003) , study generation (e.g., Gunter, Bodner, & Azad, 2007) , study repetitions (e.g., Benjamin, 2001) , and study rate (e.g., . Various characteristics of the related lure also reduce false-memory rates, potentially because these characteristics enhance the expectation that the lure would elicit a strong recollection if it had been studied. These include emotionally taboo words (e.g., Pesta, Murphy, & Sanders, 2001; Starns, Cook, Hicks, & Marsh, 2006) , long words (Madigan & Neuse, 2004) , and concrete words (Pérez-Mata, Read, & Diges, 2002) . Note, however, that most of these manipulations have not been studied as extensively as the picture encoding effect, and so processes other than diagnostic monitoring may be involved. this conclusion is that older adults can monitor memory very effectively when more distinctive recollections are available (e.g., Gallo, Cotel, Moore, & Schacter, 2007; Schacter et al., 1999) , potentially because these situations place fewer demands on prefrontal resources (e.g., Gallo, Kensinger, & Schacter, 2006) . Consistent with the relatively late development of PFC, there is evidence for reduced monitoring in children as well (e.g., Carneiro & Fernandez, 2010 ; for a review and commentary, see Brainerd, Reyna, & Ceci, 2008; Ghetti, 2008; . However, unlike older adults, young children show reduced relatedness effects in the DRM task, potentially reflecting underdeveloped semantic networks or gist-based processing (e.g., Brainerd, Reyna, & Forrest, 2002) . These developmental patterns provide additional evidence for the complex interplay between activation and monitoring processes in the DRM task.
Neuroimaging studies of the DRM task also have shown differences between true and false memories. For example, found greater PET activity in the auditory cortex when subjects were (visually) tested for studied words but not for related lures. This activity potentially reflected the recollection of the voice that had initially presented the studied words (see also Abe et al., 2008; Cabeza et al., 2001 ). Fabiani, Stadler, and Wessels (2000) presented studied words to the right or left of fixation. They found a corresponding lateralization of ERP effects when these studied words were presented centrally at test, and this effect was not observed for related lures. In general, such differences are attributed to recollected details that could be used to differentiate true and false memories during monitoring, although other explanations are possible (see Schacter & Slotnick, 2004) .
Autobiographical links. It is generally assumed that some of the processes contributing to the DRM illusion also contribute to false autobiographical memories. If this assumption is valid, variables affecting these underlying processes should affect both types of false memories. Some evidence for this assumption has already been described, in that MTL damage causes autobiographical amnesia and reduces the DRM illusion, whereas PFC damage sometimes causes autobiographical confabulations and elevates the DRM illusion. Other evidence has focused on individual differences in neurologically intact subjects. Individual differences in the propensity for both DRM and autobiographical false memories are not necessary for one phenomenon to be relevant to the other, but the existence of such individual differences is sufficient to establish a link. 4 An individual differences approach to generalizability assumes that (1) some processes are common to all kinds of false memories and (2) people can reliably vary in these processes and, hence, in their propensity for false memories. In support of these assumptions, positive (albeit modest) correlations have been reported between the DRM illusion and false memories in other laboratory tasks, including false memories for words and pictures (Lövdén, 2003 ; but see Salthouse & Siedlecki, 2007) and acceptance of misleading information about previous exeral prefrontal cortex (PFC) predicted subsequent true and false memory for short categorized lists, and Gallate, Chi, Ellwood, and Snyder (2009) found that regional transcranial magnetic stimulation near the lateral temporal lobes reduced the DRM illusion.
Evidence also links the medial temporal lobes (MTL) to activation processes in the DRM task. Damage to these regions causes autobiographical memory amnesia and also reduces true and false memory in the DRM task (e.g., Van Damme & d'Ydewalle, 2009 ) and in related tasks (e.g., Koutstaal et al., 1999) . Analogous findings have been found in patients with Alzheimer's disease, which disproportionately affects MTL regions in the early stages (e.g., Budson, Daffner, Desikan, & Schacter, 2000; Budson, Desikan, Daffner, & Schacter, 2001) . Neuro imaging studies also have implicated MTL regions in the DRM illusion. Cabeza, Rao, Wagner, Mayer, and Schacter (2001) found equivalent fMRI activity in the hippocampus when remembering studied words and also when falsely recognizing related lures relative to unrelated lures. This activity potentially reflected the retrieval of associations or gist that could activate the related lure, although it may also have reflected the retrieval of true memories in an attempt to monitor. Because both activation and monitoring processes contribute to the DRM illusion, neural activity to related lures can be ambiguous.
Compared with the PFC and MTL regions that have been linked to activation, different PFC regions have been implicated in monitoring. Budson et al. (2002) found that patients with lesions in dorsolateral PFC were more susceptible to the DRM illusion than control subjects, with little difference in true recognition. Melo, Winocur, and Moscovitch (1999) reported similar patterns in a smaller group of nonamnesic frontal patients, but amnesic frontal patients exhibited patterns that were more similar to MTL amnesics (also see Ciaramelli, Ghetti, & Borsotti, 2009 ). These findings suggest that some types of PFC damage may impair monitoring, as has been argued in the literature on autobiographical confabulation, whereas others may have a more amnesic effect. Neuroimaging studies also indicate that the dorsolateral PFC is critical for retrieval monitoring. Cabeza et al. (2001) found greater f MRI activity in the dorsolateral PFC for studied words and related lures, relative to unrelated lures (also see Kim & Cabeza, 2007b) , and the dorsolateral PFC has been implicated in tasks that, unlike DRM, were specifically designed to isolate retrieval monitoring processes (e.g., Gallo, McDonough, & Scimeca, 2010 ; for a review, see Rugg, 2004) .
Normal aging-related increases in the DRM illusion also support the idea that the PFC supports retrieval monitoring processes, because PFC function is thought to decline disproportionately in older adults (e.g., Balota et al., 1999) . In fact, aging-related increases in the DRM illusion are largest in conditions that place a high demand on retrieval monitoring (e.g., Gallo, Bell, et al., 2006; Kensinger & Schacter, 1999) or in older adults that have reduced frontal functioning (e.g., Butler, McDaniel, Dornburg, Price, & Roediger, 2004) . One caveat to in true memory of studied words. Note that the recall testing may have influenced this recognition test (as in Clancy et al., 2002; French et al., 2008; and Platt et al., 1998) , but a marginally significant false recognition difference was found on an independent recognition test (past life group, M 5 .52; controls, M 5 .42; one-tailed p 5 .069). The finding that recognition effects were greater when they were preceded by prior recall potentially implicates a retrieval monitoring difficulty.
Three studies of recovered memories also provide a link between the DRM illusion and autobiographical memory. These studies tested adult subjects who claimed to have recovered previously repressed memories of childhood abuse. In each of these studies, it was found that the recovered memory group was more susceptible to the DRM illusion than individuals with continuous memories of abuse or individuals who did not report any abuse (Clancy, Schacter, McNally, & Pitman, 2000; Geraerts et al., 2009; Geraerts, Smeets, Jelicic, van Heerden, & Merckelbach, 2005) . Of course, the veracity of recovered memories is controversial. Some recovered memories may be false, others may reflect true memories that were temporarily forgotten or repressed, and still others may reflect a distorted reinterpretation of actual events that were never repressed or forgotten (see McNally & Geraerts, 2009; Schooler, Bendiksen, & Ambadar, 1997) . The point to be made here is that, by any of these interpretations, the recovered memory experience reflects some type of autobiographical memory error (i.e., either temporary forgetting or some sort of distortion). As such, these studies further demonstrate a link between naturally occurring autobiographical memory errors and the DRM illusion.
In contrast to these more naturally occurring autobiographical memory phenomena, the two DRM studies on lab-induced autobiographical distortions were inconclusive. Wilkinson and Hyman (1998) found no relationship periences (Eisen, Cardenas, Kistorian, Yu, & Tirtibudi, 1999) . Also, Blair, Lenton, and Hastie (2002) found stable individual differences in the DRM illusion across testing times, demonstrating test-retest reliability. If the processes that cause lab-based false memories also apply outside the lab, some people should be more prone to both laboratory and autobiographical false memories. Platt, Lacey, Iobst, and Finkelman (1998) were the first to report a relationship between DRM false memories and autobiographical memory accuracy. Undergraduates were contacted the night of a widely viewed public event (the O. J. Simpson trial) and reported details about their hearing of the verdict (e.g., location, activity, informant). Several months later, these individuals were asked to report these same details, and the consistency across the two reports was scored. Importantly, some of the inconsistent retellings were made with high confidence, demonstrating autobiographical memory distortion. Platt et al. found a significant negative correlation between autobiographical memory accuracy and DRM false recall of related lures (r 5 2.30, p , .05) and a marginally significant correlation with DRM false recognition (r 5 2.23, p 5 .05). Thus, the subjects with less reliable autobiographical memories were more prone to DRM false memories.
Two studies by McNally and colleagues provide additional evidence that the DRM illusion is related to autobiographical memories that, if not definitively false, are sufficiently fantastic to be assumed false by many skeptics. Clancy, McNally, Schacter, Lenzenweger, and Pitman (2002) recruited people with memories of space alien abduction. The sincerity of these reports was verified by interview and gains additional credibility from physiological responses in a different sample (McNally et al., 2004) . Clancy et al. (2002) found that the abductees were more prone to DRM false recall (M 5 .29) than a control group matched on age and education (M 5 .14), and similarly for false recognition (M 5 .67 and .42, respectively) . The groups did not differ on true memory of the actual studied words. A group of individuals who believed that they had been abducted by aliens but had no specific memories of the event were also more prone to DRM false memories, but some analyses suggested that the relationship was stronger for those who reported actual memories. French, Santomauro, Hamilton, Fox, and Thalbourne (2008) also found that people reporting extraterrestrial experiences were more prone to DRM false recognition (experiencers, M 5 .59; controls, M 5 .49), but this difference was not significant, potentially because their sample included people who reported a U.F.O. sighting without a memory of abduction.
A more recent study by Meyersburg, Bogdan, Gallo, and McNally (2009) provided a conceptual replication and extension of the Clancy et al. (2002) study (Figure 3) . They found that individuals reporting specific memories from past lives (e.g., selling newspapers in the 1800s) were more susceptible to DRM false recall (M 5 .44) than controls matched for age and education (M 5 .30), and similarly for false recognition (M 5 .76 and .48, respectively) . As in Clancy et al. (2002) , the groups did not differ memories (e.g., DePrince et al., 2004; Freyd & Gleaves, 1996) . However, these results are mostly correlational, leaving open the question as to what aspects of the DRM illusion might apply to false autobiographical memories. Some researchers have begun to address this question, but as is described in the next section, there is still much to learn.
Closure: What We Do Not Know About the Problem
Despite the evidence that the DRM illusion is related to naturally occurring false autobiographical memories, exactly why this relationship exists is poorly understood. Researchers investigating individual differences often appeal to source monitoring (e.g., Meyersburg et al., 2009; Qin et al., 2008) , but general appeals to source monitoring are only the first step. According to the source-monitoring framework, all false memories reflect a breakdown of source monitoring (e.g., Johnson, 2006) . A deeper understanding requires an unpacking of the activation and monitoring processes that might drive individual differences in false memories. Figure 4 illustrates an elaboration of the activation/ monitoring framework that applies to all false memories. Activation is broadly divided into top-down and bottomup processes. Top-down processes actively elaborate or go beyond the given information, usually in an effort to comprehend it. Such processes include the mental generation of associations and gist in the DRM task, as well as information-processing heuristics contributing to other kinds of false memories (e.g., inferences, schemas). Bottom-up activation results from imperfect encoding and retrieval, which can occur even in the absence of top-down elaborations. Such processes include the failure to accurately associate or bind together the details of an event, leading to partial recollections, or the retrieval of representations that contain overlapping and confusable features. Many source memory errors involve between the DRM illusion and the influence of mental elaboration on mistaken claims of "remembering" a childhood event (on a scale of 1-7; 1 5 know, 7 5 remember). The mean autobiographical rating was only 2.36 (SD 5 1.37), however, suggesting that relatively few false autobiographical memories were created. Qin, Ogle, and Goodman (2008) used a variant of the lost-in-the-mall technique (e.g., Loftus & Pickrell, 1995) , in which subjects repeatedly tried to remember a false childhood event. Performance on this task was related to measures of response bias and unrelated lure recall but not to the DRM illusion (i.e., false memories of related lures). However, as in Wilkinson and Hyman, the levels of induced false autobiographical memories were relatively low, with most of them within the no memory but trying range (i.e., 2 on a 4-point scale). Additional studies are needed that induce false autobiographical memories with more than a few items or questions, thereby increasing psychometric reliability.
To summarize, the results of the seven studies investigating naturally occurring autobiographical memory phenomena were very consistent, but the two studies labinduced autobiographical errors were inconclusive. With respect to the former, three studies found a significant positive relationship between the DRM illusion and false (or at least fantastic) autobiographical memories (Clancy et al., 2002; Meyersburg et al., 2009; Platt et al., 1998) . The one exception included a more questionable sample, and even here, the DRM data were in the predicted direction (French et al., 2008) . Three other studies found a significant positive relationship between the DRM illusion and the recovered memory phenomenon (Clancy et al., 2000; Geraerts et al., 2009; Geraerts et al., 2005) . Considered as a whole, these studies indicate a significant link between the DRM illusion and autobiographical memory phenomena that have been associated with errors and distortion. These findings argue against the suggestion that the DRM illusion is unrelated to false autobiographical this idea, several researchers have reported a positive link between the DRM illusion and DES scores (e.g., Clancy et al., 2002; Clancy et al., 2000; Wilkinson & Hyman, 1998; Winograd, Peluso, & Glover, 1998; Zoellner, Foa, Brigidi, & Przeworski, 2000 ; see also Laws & Bhatt, 2005) , although this link is not always found (e.g., Bremner, Shobe, & Kihlstrom, 2000; Geraerts et al., 2005; Platt et al., 1998; Wright, Startup, & Mathews, 2005) . Dehon, Bastin, and Laroi (2008) recently replicated the positive relationship between the DRM illusion and DES scores. More importantly, they modified the typical DRM task to separately estimate activation and monitoring processes (cf. Brédart, 2000) , and they found that the relationship between the DRM task and DES scores was specific to the monitoring component (r 5 .28, p , .001).
The idea that dissociative experiences are related to monitoring also explains why dissociative experiences correlate positively with other false-memory tasks (for reviews, see Eisen & Lynn, 2001; Giesbrecht, Lynn, Lilienfeld, & Merckelbach, 2008) . These tasks include susceptibility to misleading questions about experienced events (e.g., Eisen & Carlson, 1998; Hekkanen & McEvoy, 2002) , as well as suggestive techniques to manipulate false autobiographical beliefs (e.g., Hyman & Billings, 1998; Porter, Birt, Yuille, & Lehman, 2000) . False information is activated in these tasks through processes that are likely to differ from the DRM task, but the tasks may tap a common set of monitoring processes. Similarly, people who believe that they have recovered memories or have lived past lives are more susceptible to memory errors on tasks other than the DRM illusion, again implicating monitoring processes (McNally, Clancy, Barrett, & Parker, 2005; Peters, Horselenberg, Jelicic, & Merckelbach, 2007) .
Research on working memory is also consistent with a monitoring explanation of individual differences in false memories. Working memory involves the active maintenance and manipulation of information and recruits dorsolateral prefrontal regions (Curtis & D'Esposito, 2003) , the same regions that are involved in retrieval monitoring in the DRM task and other tasks. Lövdén (2003) found that individual differences in working memory correlated negatively with the DRM illusion and other false-memory tasks (see also Parker, Garry, Engle, Harper, & Clifasefi, 2008; Peters, Jelicic, Haas, & Merckelbach, 2006; Peters, Jelicic, Verbeek, & Merckelbach, 2007; Peters, Smeets, Giesbrecht, Jelicic, & Merckelbach, 2007) . Moreover, the relationship between working memory and the DRM illusion can be stronger under conditions that require a high degree of monitoring (McCabe & Smith, 2002; Watson, Bunting, Poole, & Conway, 2005) , and Unsworth and Brewer (2010) used latent variable analysis to show that source monitoring mediates the relationship between working memory and DRM false memory. As with the DES findings, these findings add weight to the idea that different false-memory tasks tap a common set of monitoring processes.
The activation/monitoring perspective also highlights what we still do not know. The results of the previous studsuch bottom-up failures, as when imagined events are confused with real ones, or when misinformation is confused with what was witnessed. Familiarity can also be considered a bottom-up process, to the extent that it arises from stimulus properties requiring little elaboration. As was discussed previously, partial recollections and imagery may also be involved in DRM illusory recollections, indicating that top-down and bottom-up processes interact in creating false memories.
Multiple activation processes should also be involved in false autobiographical memories. For example, consider the possibility that some memories of space alien abductions are false. In these instances, the illusory content is thought to originate from fragmented images and sensations occurring during sleep abnormalities (a bottom-up process), as well as the elaboration of this information with cultural scripts derived from science fiction and other sources (a top-down process; see Clancy et al., 2002) . There are different types of activation that arise for different functional reasons. To understand different kinds of false memories, one needs to identify the specific types of information that create the contents of the illusory recollection and how and why they are activated.
Monitoring is broadly divided into criteria-based and corroboration-based processes. Criteria-based monitoring involves diagnostic decisions, whereas corroborationbased monitoring involves disqualifying decisions. As was reviewed above, there is evidence for each of these processes in the DRM task and other lab tasks, but these decision processes should also apply to autobiographical memories. For example, false memories of space alien abduction can be avoided using either a diagnostic decision (e.g., "I wasn't abducted by space aliens last night, because I would have a distinctive recollection of that") or a disqualifying decision (e.g., "I wasn't abducted by space aliens last night, because I remember watching movies all night instead"). Of course, these memories are usually rejected on the basis of beliefs of plausibility or credibility, but even here the logic of the decision process can be considered disqualifying (e.g., "I wasn't abducted by space aliens last night, because I do not believe in the existence of space aliens"). In contrast, false memories of space alien abduction may persist if one's beliefs invalidate the logic of these decision processes (e.g., the memory is not expected to be distinctive because of alien mind-altering technology, the usual rules of corroborating events do not apply because of alien time-warping technology, and plausibility is irrelevant because aliens do exist).
Broadening the activation/monitoring framework helps to conceptualize additional individual differences that are relevant to both the DRM illusion and false autobiographical memories. Consider dissociation as it is measured by the Dissociative Experiences Scale (DES; E. M. Bernstein & Putnam, 1986) . Dissociation reflects disruptions in everyday conscious experiences (e.g., feeling that familiar people or places are unfamiliar or unreal, experiencing daydreams as reality) and may reflect a failure to successfully use monitoring processes or the use of lax criteria to interpret ongoing experiences (Johnson, 2006) . Relevant to manipulated variables. Consider the influence of sleep. In several experiments, Fenn, Gallo, Margoliash, Roediger, and Nusbaum (2009) found that sleep decreased the DRM illusion, potentially by enhancing some kind of monitoring. In several other experiments, Payne et al. (2009) found that sleep increased the DRM illusion, potentially by enhancing some kind of activation. These studies were well designed, suggesting that these discrepancies are real and potentially due to the relative contribution of activation and monitoring processes across different (and somewhat arbitrary) versions of the DRM task (see Diekelmann, Born, & Wagner, 2010) . These were the first studies to investigate sleep and false memories, so using the DRM illusion seems appropriate. However, different methods are now needed to isolate the effects of sleep on component processes.
One solution is to modify the DRM task to better constrain the contributing processes. Incidental encoding tasks could minimize study-phase monitoring. Warnings to avoid the illusion just before test could minimize strategic guessing or liberal response bias, helping to isolate false-memory effects. More consistent use of fine-grained subjective judgments would also help. To measure activation, one could add an implicit test or a gist-memory test, whereas to measure monitoring, subjective reports could be obtained or modeling procedures could be used. Some of these techniques have already been used, as in studies investigating the effects of emotion on false memories (Brainerd, Stein, Silveira, Rohenkohl, & Reyna, 2008; Palmer & Dodson, 2009 ), but much more still needs to be done.
Another solution is to use memory tasks that more precisely identify the specific process of interest. For example, recollection-based exclusion tasks are a useful way to isolate disqualifying monitoring processes (e.g., Jacoby, 1991) , whereas the criterial recollection task is a useful way to isolate diagnostic monitoring processes (e.g., Gallo et al., 2004) . Work with this latter task has replicated some DRM effects but also indicates that the activation component of the DRM task can mask important monitoring effects (Gallo, Meadow, Johnson, & Foster, 2008) . No task is process pure, but some tasks are better at measuring specific processes because they were specifically designed to do so.
After 15 years of research, it is clear that the DRM illusion has contributed a great deal to our understanding of false memories. This research area exemplifies how cognitive psychology can integrate basic and applied questions using multiple levels of analysis. The individual differences findings are a prime example, because they reveal an important continuity from the lab to life that is beginning to be understood at a neurocognitive level. Nevertheless, there is still much to discover about the specific processes that cause these individual differences, and the DRM task cannot tackle this problem alone. False memories are complex phenomena involving multiple and often competing processes. Future attempts to understand the specific processes that drive individual differences in false memories need to use tasks designed to isolate these ies implicate monitoring as an important construct, but what types of monitoring might differ across individuals and situations? Also, can individual differences in activation processes explain some of the effects? Graham (2007) found that individuals high in need-for-cognition were more susceptible to the DRM illusion, even though they should have been more likely to use monitoring processes. These people may have used more elaborate semantic processes at study, thereby enhancing activation. Similar effects may be involved in some of the people that hold fantastic autobiographical memories. These individuals may have more vivid imaginations and creative associative processes that enhance different kinds of activation.
Another unanswered question is whether these individual differences are due to motivational factors or whether they are due to genuine limits in the ability to engage monitoring and/or constrain activation. If they are due to ability, can they be attributed to different neuroanatomical phenotypes? In a diffusion tensor imaging study, Fuen temilla et al. (2009) found that individual differences in the DRM illusion were positively related to fractional anisotropy scores (thought to reflect the efficiency of neuronal connections) in the superior longitudinal fascicle, which connects prefrontal regions to more posterior ones. Because the relationship was positive, it was attributed to increased activation of related lures, but more work along these lines is needed. If a task designed to isolate monitoring processes were used, a negative relationship might have been found between connectivity measures and false memories.
Judgment: Problems and Possibilities
Three conclusions can be made from this review. First, the DRM illusion is a basic type of false memory that has had a large impact on the field. Second, an interacting set of activation and monitoring processes influence these false memories. Nuances of these processes are still being researched and debated, but it is clear that they are cognitively dissociable and they are related to different underlying neural processes. Third, individual differences in the DRM illusion are related to false autobiographical memories, but the exact reasons are still unclear.
Should researchers continue to use the DRM task to study false memories? The answer depends on one's ultimate research goals. The DRM task is a useful way to study false memories, and we know at least as much about these kinds of false memories as we do about any other kind. If one's goal is to study false memories as a phenomenon, the DRM task will continue to be fruitful. If one's goal instead is to isolate the different processes that contribute to false memories, then the original DRM task may be less ideal. If the past 15 years have taught us anything, it is that multiple processes drive even the most basic false memories.
The contribution of multiple activation and monitoring processes in the DRM task can cause interpretative ambiguities. Some ambiguities were discussed in the context of neuroimaging, developmental, and individual differences studies, but they also exist with respect to experimentally processes. A more process-driven approach is critical if the goal is to understand the causes of false memories that generalize across tasks and situations. A deeper consideration of the functional problems that these processes aim to solve, or the nonlaboratory situations in which they are typically used, will also illuminate the relationship between different kinds of false memories. It might even reveal new kinds of false memories altogether.
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